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(57) ABSTRACT

A method for manufacturing a vibration 1solation apparatus
includes: molding elastic parts of an elastic body; compress-
ing in which the elastic parts are pressed against positions 1n
which the elastic parts are provided to an inner member so
that the elastic parts are compressed to have a size equivalent
to a size 1 which the elastic parts fit between the inner
member and an outer cylinder; press-fitting the inner mem-
ber and the elastic parts integrally into the outer cylinder
while the elastic parts are kept compressed; and fastening
the elastic parts to the inner member and the outer cylinder.
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METHOD FOR MANUFACTURING
VIBRATION ISOLATION APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Japanese Patent Appli-
cation No. 2018-067834 filed on Mar. 30, 2018, the entire
disclosure of which i1s incorporated by reference herein.

BACKGROUND

The present disclosure relates to a method for manufac-
turing a vibration 1solation apparatus.

A vibration 1solation apparatus typically known 1n the art
includes an mner cylinder and an outer cylinder coaxially
connected via a cylindrical elastic body. Examples of a
vibration 1solation apparatus having such a configuration
includes a vibration 1solation mount cited 1n Japanese Patent
No. 5052285 and a vibration 1solation bushing cited in
Japanese Unexamined Patent Publication No. 2011-7257.

The vibration 1solation mount cited in Japanese Patent
No. 5052285 1s manufactured as follows: a rubber material
1s 1njected between an inner cylinder (an inner member) and
an outer cylinder both set to a mold, and the inner cylinder,
the outer cylinder, and the rubber maternial (a rubber elastic
material) are integrally formed into one piece as the vibra-
tion 1solation mount (insert molding).

Moreover, the vibration 1solation bushing cited in Japa-
nese Unexamined Patent Publication No. 2011-7257
includes an inner cylinder (an mner member), an outer
cylinder, and a rubber elastic material provided between the
inner cylinder and the outer cylinder. The rubber elastic
material 1s provided with an axial drilling. In this axial
drilling of the rubber elastic body, polyurethane foam 1is
form-molded so that the polyurethane foam and the rubber
clastic body adhere to each other mto one piece. Moreover,
the vibration i1solation bushing cited 1n Japanese Unexam-
ined Patent Publication No. 2011-7257 has the outer cylin-
der narrowed 1n order to enhance durability of the rubber
clastic body and the polyurethane foam.

SUMMARY

Through compression, such characteristics as hardness,
spring constant, and durability of the elastic body can be set.
For a method for manufacturing a vibration isolation appa-
ratus, it 1s desirable that a compression degree of the elastic
body should be freely determined.

However, in each of the vibration 1solation apparatuses
disclosed 1n Japanese Patent No. 50352285 and Japanese
Unexamined Patent Publication No. 2011-7257, the elastic
body 1s integrally formed with the inner cylinder and the
outer cylinder. Hence in order to compress the elastic body,
the elastic body has to be reduced in diameter and narrowed
together with the outer cylinder. Since a narrowing degree of
the outer cylinder cannot be set so flexibly, the compression
degree of the elastic body cannot also be determined flex-
ibly, either.

The present disclosure mtends to increase flexibility for
setting a compression degree ol an elastic body provided
between an iner member and an outer cylinder.

The present disclosure relates to a method for manufac-
turing vibration 1solation apparatus. The apparatus 1includes:
an 1inner member shaped into a cylinder or a shait; an outer
cylinder provided around the inner member; and an elastic
body provided between, and connecting, the inner member
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and the outer cylinder. The elastic body 1includes elastic parts
cach arranged 1n a different position between the inner
member and the outer cylinder. The method 1ncludes: mold-
ing the elastic parts; compressing in which the elastic parts
are pressed against positions 1 which the elastic parts are
provided to the mner member so that the elastic parts are
compressed to have a size equivalent to a size 1n which the
clastic parts fit between the inner member and the outer
cylinder; press-fitting the mner member and the elastic parts
integrally 1nto the outer cylinder while the elastic parts are
kept compressed; and fastening the elastic parts to the inner

member and the outer cylinder.
The present disclosure can increase tlexibility for setting,

a compression degree of an elastic body.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a front view of a vibration isolation apparatus
according to an embodiment of the present disclosure.

FIG. 2 1s a cross-sectional view ol an assembly jig,
according to Embodiment 1, before members of the vibra-
tion 1solation apparatus are provided to the assembly jig.

FIG. 3 1s a cross-sectional view of the assembly jig,
according to Embodiment 1, after members of the vibration
1solation apparatus are provided to the assembly j1g.

FIG. 4 1s a cross-sectional view of the assembly jig,
according to Embodiment 1, with a receiving jig moved.

FIG. 5 1s a cross-sectional view of the assembly jig,
according to Embodiment 1, with a narrowing jig closed.

FIG. 6 1s a cross-sectional view of the assembly jig,
according to Embodiment 1, with a pressing jig moved.

FIG. 7 1s a cross-sectional view ol an assembly jig,
according to Embodiment 2, after members of the vibration
1solation apparatus are provided to the assembly jig.

FIG. 8 1s a cross-sectional view of the assembly jig,
according to Embodiment 2, with a narrowing jig closed.

DETAILED DESCRIPTION

Embodiments of the present disclosure will be described
in detail below, with reference to the drawings. The follow-
ing description of the advantageous embodiments 1s only an
example 1n nature, and 1s not mtended to limit the scope,
applications or use of the present disclosure.

Embodiment 1

(Configuration of Vibration Isolation Apparatus)

A vibration isolation apparatus 1 according to this
embodiment 1s a vibration 1solation bushing to be used for,
for example, a rear suspension ol an automobile.

As 1llustrated 1n FIG. 1, the vibration isolation apparatus
1 includes: an mner cylinder (an inner member) 20 made of
metal; an outer cylinder 21 made of metal and coaxially
provided to an outer periphery of the mner cylinder 20; and
an elastic body 24 provided between the mnner cylinder 20
and the outer cylinder 21 via a thermosetting adhesive and
connects the inner cylinder 20 and the outer cylinder 21 to
cach other.

The inner cylinder 20 1s fastened to a member toward an
automotive body with, for example, a bolt to be 1nserted 1n
the 1nner cylinder 20. Whereas, the outer cylinder 21 1s
press-1it into a press-fit hole formed on a trailing arm. The
inner cylinder 20 has ends provided along an axis of the
inner cylinder 20. The ends of the inner cylinder 20 protrude
beyond ends, of the outer cylinder 21, provided along an axis
of the outer cylinder 21. Note that the surfaces of the inner
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cylinder 20 and the outer cylinder 21 are treated with
phosphate and covered with phosphate film so that the
surfaces are kept from rust and corrosion.

The elastic body 24 includes: a pair of first elastic parts
22; and a pair of second elastic parts 23. Each of the first
clastic parts 22 has a substantially sectoral cross-section, and
extends along the cylindrical axis. The first elastic part 22
has an inner side face 22¢ formed to have an arc-shaped
cross-section along with an outer periphery face 20a of the
inner cylinder 20, so that the inner side face 22¢ comes into
contact with the outer periphery face 20a. The first elastic
part 22 has an outer side face 224 formed to have an
arc-shaped cross-section along with an mner periphery face
21a of the outer cylinder 21, so that the outer side face 22d
comes 1nto contact with the mner periphery face 21a. The
first elastic parts 22 are arranged across the iner cylinder 20
to face each other along the cylinder diameter.

The first elastic part 22 has opposite end faces along the
cylindrical axis. Each of the end faces 1s integrally provided
with a projection 22a protruding outward along the cylin-
drical axis and shaped into a substantial cuboid. The pro-
jections 22a are used to position the first elastic parts 22 in
relation to an assembly j1g 3 to be described later. The entire
length of the first elastic part 22 along the cylindrical axis,
including the length of the projection 22a along the cylin-
drical axis, 1s substantially the same as the length of the outer
cylinder 21 along the cylindrical axis.

Each of the second elastic parts 23 1s substantially the
same 1n shape as the first elastic parts 22. The second elastic
parts 23 are arranged across the inner cylinder 20 to face
cach other perpendicular to the direction in which the first
clastic parts 22 face each other. Specifically, each of the first

clastic parts 22 and the second elastic parts 23 1s provided 1n
a different position between the mner cylinder 20 and the
outer cylinder 21.

The first elastic part 22 and the second elastic part 23 are
cach made of a rubber material with different characteristics
such as hardness. For example, the first elastic parts 22 are
made of a single raw material such as natural rubber.
Whereas, the second elastic parts 23 are made of a compos-
ite material 1n which synthetic rubber such as styrene-
butadiene rubber (SBR) 1s blended with natural rubber.
Thus, the first elastic parts 22 have low dynamic magnifi-
cation as a spring characteristic. Whereas the second elastic
parts 23 have high damping property. As a result, the
vibration 1solation apparatus 1 has the low dynamic mag-
nification in a direction across the first elastic parts 22, and
the hugh damping property 1n a direction across the second
clastic parts 23.

(Configuration of Assembly Jig)

Described below 1s the assembly jig 3 for manufacturing,
the above vibration isolation apparatus 1.

As 1illustrated 1n FIG. 2, the assembly jig 3 1s made of
metal, and includes: a receiving jig 31; a support j1g 32; a
narrowing ji1g 33; and a pressing ji1g 34.

The recerving jig 31 1s used for positioning the inner
cylinder 20, the first elastic parts 22, and the second elastic
parts 23, and coaxially arranging the outer cylinder 21 and
the mnmner cylinder 20. The receiving j1g 31 1s shaped into a
substantial column. The receiving jig 31 has a top end face
provided with a recess 31a shaped into a circle, so that a
bottom end of the mner cylinder 20 1s {it mnto and recerved
with the recess 31a. The opening diameter of this recess 31a
1s slightly larger than the outer diameter of the inner cylinder
20. The depth of the recess 31a 1s substantially the same as
the length of a portion of an axial one end (the bottom end
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in, for example, FI1G. 3) of the inner cylinder 20, the portion
protruding from the outer cylinder 21.

The top end face of the receiving jig 31 has positioning
guides 31c¢ for guiding the projections 22q and 23a provided
on one side (a lower side, for example, 1n FIG. 3) of the
clastic parts 22 and 23 along the cylindrical axis. There are
four such positioning guides 31c¢ spaced apart from each
other between equally spaced intervals (grooves) 315, and

equally formed along the circumierence of the recerving jig
31.

The grooves 315 are formed to receive the projections 22a
and 23a of the elastic parts 22 and 23. There are four such
grooves 3156 equally spaced apart from each other along the
circumierence of the receiving j1g 31. The width (the length
along the cylinder circumierence) of each groove 315b is

substantially the same as the width of each of the projections
22a and 23a of the elastic parts 22 and 23. The depth of each
groove 315 1s shorter than the height of the projections 22a
and 23a of the elastic parts 22 and 23. The length of each
groove 34b along the cylinder diameter 1s greater than the
length of the projections 22aq and 23a along the cylinder
diameter.

The receiving j1g 31 1s used for press-fitting the inner
cylinder 20, the first elastic parts 22, and the second elastic
parts 23 into the outer cylinder 21 provided coaxially with
the mner cylinder 20. The receiving j1g 31 1s vertically
movable 1n order to press-fit the inner cylinder 20 and the
clastic parts 22 and 23 1nto the outer cylinder 21. Note that,
in FIG. 2, the receiving j1g 31 1s positioned at the top end of
the range of motion.

The support j1g 32 1s used for supporting the outer
cylinder 21 from below and the side. The support j1g 32 1s
shaped into a substantial cylinder having a thick wall. The
length of the support j1ig 32 1n a vertical direction (along the
cylindrical axis) 1s substantially the same as the vertical
length of the receiving jig 31 except the positioning guide
31c. The outer diameter of the support j1g 32 1s constant.

The inner diameter of the support j1g 32 varies between an
upper portion and a lower portion of the support jig 32.
Specifically, a circular step 32a 1s formed on an axial center
portion on the inner periphery face of the support j1g 32. A
portion (hereinatter referred to as an upper iner periphery
face 32b), above the step 32a, of the inner periphery face of
the support j1g 32 has an inner diameter slightly larger than
the outer diameter of the outer cylinder 21. A portion
(heremafiter referred to as a lower inner periphery face 32¢),
below the step 32a, of the mnner periphery face of the support
11g 32 has an inner diameter slightly larger than the outer
diameter of the receiving j1g 31. Specifically the inner
diameter of the upper inner periphery face 326 of the support
11g 32 1s larger than the mmner diameter of the lower inner
periphery face 32¢ by the thickness of the outer cylinder 21.

When the receiving jig 31 1s posﬂmned at the top end of
the range of motion, the support j1ig 32 defines a receiving
portion 324 with the upper 1inner periphery face 325, the step
32a, and the outer periphery face 31d of the receiving j1g 31
so that the outer cylinder 21 can be fit and received 1nto the
receiving portion 324. The support jig 32 1s fixed not to
move vertically.

Provided to an upper portion of the support j1g 32, the
narrowing jig 33 i1s used for pressing against the inner
cylinder 20 the elastic parts 22 and 23 positioned with the
receiving j1g 31. The narrowing j1g 33 i1s a cylindrical
member equally divided 1nto four with planes including the
axis of the cylindrical member. Specifically, the narrowing
11g 33 includes four jig pieces 33a having a substantially
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sectoral cross-section and arranged radially. In whole, the
narrowing 11g 33 1s substantially shaped into a cylinder.

The narrowing j1g 33 can be changed 1n a closed state in
which the narrowing jig 33 1s shaped into a substantial
cylinder as described above, and an open state 1n which the
11g pieces 33a make a positional change outwards along the
diameter of the narrowing j1g 33. Specifically, the j1g pieces
33a of the narrowing j1g 33 in the closed state are tightly
arranged. The neighboring j1g pieces 33a of the narrowing
112 33 1n the open state are spaced apart from each other.

An inner side face of each of the jig pieces 33a 1s a curved
surface corresponding to a curvature of the outer periphery
tace of the outer cylinder 21. The axial length of the j1g piece
33a 1s slightly longer than the total length of the elastic parts
22 and 23 and the projections 22a and 23aq along the
cylindrical axis. The narrowing jig 33 in the closed state
defines a space the cross-section of which 1s circular,
because the mner side faces of the jig pieces 33a join with
cach other.

The pressing j1g 34 1s used for pressing downward the
inner cylinder 20 and the elastic parts 22 and 23 integrated
in one piece by the narrowing jig 33, and press-fitting the
integrated inner cylinder 20 and the elastic parts 22 and 23
into the outer cylinder 21. The pressing jig 34 1s shaped into
a substantial column. The pressing j1g 34 has a bottom end
tace provided with a recess 34a shaped into a circle, so that
a top end of the mner cylinder 20 1s fit into and received with
the recess 34a. The opening diameter of this recess 34a 1s
slightly larger than the outer diameter of the mnner cylinder
20. The depth of the recess 34a 1s substantially the same as
the length of a portion of an axial another end (the top end
in, for example, FIG. 3) of the inner cylinder 20, the portion
protruding from the outer cylinder 21.

The bottom end face of the pressing j1g 34 has positioning,
guides 34¢ for guiding the projections 22a and 23a provided
on another side (an upper side, for example, 1n FIG. 3) of the
clastic parts 22 and 23 along the cylindrical axis. There are
four such positioning guides 34c¢ spaced apart from each
other between equally spaced intervals (grooves) 34b, and
equally formed along the circumierence of the pressing jig

34.

The grooves 345 are formed to receive the projections 224
and 23a of the elastic parts 22 and 23. There are four such
grooves 346 equally spaced apart from each other along the
circumierence of the pressing jig 34. The width (the length
along the cylinder circumierence) of the grooves 34H 1is
substantially the same as the width of the projections 22a
and 23a of the elastic parts 22 and 23. The depth of the
grooves 34b 1s shorter than the height of the projections 22a
and 23a of the elastic parts 22 and 23. The length of each
groove 34b along the cylinder diameter 1s greater than the
length of the projections 22aq and 23a along the cylinder
diameter.

The pressing j1g 34 1s used for press-fitting the inner
cylinder 20 and the first elastic parts 22 and the second
clastic parts 23 into the outer cylinder 21 provided coaxially
with the 1nner cylinder 20. The pressing j1g 34 1s vertically
movable 1n order to press-it the mner cylinder 20 and the
clastic parts 22 and 23 into the outer cylinder 21. Note that,
in FIG. 2, the pressing j1g 34 1s positioned at the top end of
the range of motion.

When positioned at the bottom end of the range of motion,
the pressing jig 34 1s spaced apart from the receiving jig 31
so that the distance between the upper bottom face of the
recess 34a of the pressing j1g 34 and the lower bottom face
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of the recess 31a of the receiving jig 31 1s substantially the
same as the length of the mner cylinder 20 along the
cylindrical axis.

(Method for Manufacturing Vibration Isolation Bushing)

Described below 1s a method for manufacturing the
vibration 1solation apparatus 1 using the above assembly jig
3.

First, using a mold (not shown) for each of the elastic
parts 22 and 23, the first elastic parts 22 and the second
clastic parts 23 are separately vulcanized and molded (a
molding step).

Next, a thermosetting adhesive 1s applied throughout the
inner side faces 22¢, 23¢ and the outer side faces 22d, 23d
of the elastic parts 22, 23 (fastening surfaces (adhesive
surfaces) (1) between the inner cylinder 20 and the elastic
parts 22, 23, and (11) between the outer cylinder 21 and the
clastic parts 22, 23). The applied thermosetting adhesive 1s
dried (an applying step; 1.e., a part of a fasteming step). The
adhesive applied throughout the inner side faces 22¢ and 23¢
and the outer side faces 22d and 23d of the elastic parts 22
and 23 1s less likely to create an un-bonded area between (1)
the elastic parts 22 and 23 and the mner cylinder 20 and (11)
the elastic parts 22 and 23 and the outer cylinder 21.

Moreover, a press-fitting aid such as o1l 1s applied to the
outer side faces 224 and 23d of the elastic parts 22 and 23.
In a press-fitting step to be described later, the applied
press-fitting aid allows the inner cylinder 20 and the elastic
parts 22 and 23 to be smoothly press-fit into the outer
cylinder 21.

Next, as illustrated in FIG. 2, the receiving jig 31 of the
assembly j1g 3 1s positioned to the top end of the range of
motion, and the narrowing j1g 33 1s opened. Then, the
pressing 112 34 1s moved to the top end of the range of
motion. In this state, as illustrated in FIG. 3, the receiving
portion 324 of the support j1g 32 receives the outer cylinder
21, and the recess 31a of the receiving jig 31 receives the
inner cylinder 20. FEach of the grooves 31bH receives a
corresponding one of the projections 22a and 23a provided
in a lower part of the elastic parts 22 and 23.

Next, the narrowing j1g 33 1s pressed inward by a nar-
rowing-jig-positional-change apparatus (not shown) along
the diameter. (See the straight arrow 1n FIG. 3.) When the
narrowing j1g 33 1s pressed, the spaces between the neigh-
boring j1g pieces 33q 1n the narrowing jig 33 narrow. Then,
the opened support j1g 32 1s closed. Thus, as 1llustrated in
FIG. 4, the elastic parts 22 and 23 are pressed against
positions 1n which the elastic parts 22 and 23 are provided
to the mner cylinder 20. The elastic parts 22 and 23 are
compressed to have a size equivalent to a size 1n which the
clastic parts 22 and 23 fit between the mnner cylinder 20 and
the outer cylinder 21 (when the vibration 1solation apparatus
1 1s completed). In other words, elastic parts 22 and 23 are
compressed 1n size to fit between the inner cylinder 20 and
the outer cylinder 21 (a compressing step). When pressed
into this size, the elastic parts 22 and 23, as well as the inner
cylinder 20, can be press-fit into the outer cylinder 21 in the
press-fitting step.

Next, the pressing j1g 34 1s moved downward. (See the
straight arrow 1n FI1G. 4.) Then, as illustrated 1n FIG. 5, the
recess 34a of the pressing jig 34 recerves an upper portion
of the mnner cylinder 20, and each of the grooves 345 of the
pressing 11g 34 receives a corresponding one of the projec-
tions 22a and 23a provided 1n an upper part of the elastic
parts 22 and 23.

When the pressing j1g 34 1s moved further downward (see
the straight arrow 1n FIG. §), the elastic parts 22 and 23 are
kept compressed in the compressing step, and the inner
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cylinder 20 and the elastic parts 22 and 23 integrated into
one piece are pressed and moved downward together with
the receiving jig 31. As a result, as 1llustrated in FIG. 6, the
clastic parts 22 and 23 are kept compressed, and the inner
cylinder 20 and the elastic parts 22 and 23 are integrally
press-1it into the outer cylinder 21 recerved 1n the receiving
portion 32d (the press-fitting step).

Next, the narrowing j1g 33 1s opened, the pressing j1g 34
1s moved upward, and the assembled vibration 1solation
apparatus 1 1s taken from the assembly j1g 3.

Next, the outer cylinder 21 1s narrowed inward by an outer
cylinder narrowing j1g (not shown) along the diameter, such
that the elastic parts 22 and 23 are further additionally
compressed (an outer cylinder narrowing step).

After that, the vibration 1solation apparatus 1 1s placed 1n
a curing oven (not shown) so that the dried thermosetting
adhesive applied to the inner side faces 22¢, 23¢ and the
outer side faces 22d, 234 of the elastic parts 22, 23 1s cured.
Thus, the elastic parts 22 and 23 are bonded with and
tastened to the mner cylinder 20 and the outer cylinder 21 (a
curing step (1.e., a part of the fastening step)). Hence, the
vibration 1solation apparatus 1 i1s completed.

(Advantages)

Thus, 1n the compressing step of this embodiment, the
clastic parts 22 and 23 molded in the molding step are
pressed against positions in which the elastic parts 22 and 23
are provided to the inner cylinder 20, and the elastic parts 22
and 23 are compressed 1n size to {it between the inner
cylinder 20 and the outer cylinder 21. Such features make 1t
possible to directly compress the elastic body 24, contrib-
uting to an increase 1n flexibility for setting a compression
degree of the elastic body 24.

Moreover, 11 the narrowing degree of an outer cylinder 1s
increased such that the compression degree of an elastic part
1s 1ncreased when the elastic body i1s integrally molded
together with the inner cylinder and the outer cylinder, an
adhesive coat applied to an mner periphery face of the outer
cylinder 1s broken such that the outer cylinder and the elastic
parts could not sufliciently be bonded together. In addition,
phosphate film covering the inner periphery face of the outer
cylinder could be broken.

In this embodiment, the elastic parts 22 and 23 are mainly
pressed against the inner cylinder 20 so that the elastic parts
22 and 23 are compressed. Such a feature makes 1t possible
to 1ncrease the compression degree of the elastic body 24
without breaking thermosetting adhesive film and phosphate
f1lm.

When each of the first elastic parts 22 and the second
clastic parts 23 are made of a different rubber material, 1nsert
molding by a multicolor molder could be employed to
provide the first elastic parts 22 and the second elastic parts
23 between the mner cylinder 20 and outer cylinder 21.
However, this msert molding poses such problems: rubber
materials having significant variation in molding time and
molding temperature cannot be used as those for the first
clastic parts 22 and the second elastic parts 23, a large axial
drilling 1s required to keep the rubber materials from mixing
together, the multicolor molder 1s expensive, and a mold for
insert molding 1s complex 1n structure.

In this embodiment, the first elastic parts 22 and the
second elastic parts 23 are provided between the inner
cylinder 20 and the outer cylinder 21 in the press-fitting step.
Such a feature makes 1t possible to provide the first elastic
parts 22 and the second elastic parts 23, each made of a
different rubber material, between the mner cylinder 20 and
the outer cylinder 21 without a problem caused by the insert
molding using a multicolor molder.
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8

Moreover, i order to bond the mner cylinder 20 and the
outer cylinder 21 to the elastic parts 22 and 23, a liquid

adhesive could be applied before the press-fitting step to the
outer periphery face 20a of the mner cylinder 20 and the
inner periphery face 21a of the outer cylinder 21. In this
case, the adhesive could 1nevitably attach to a manufacturing
11g of the vibration 1solation apparatus 1.

In this embodiment, in the applying step before the
press-fitting step, the thermosetting adhesive 1s applied to
the outer periphery face 20q of the inner cylinder 20 and the
inner periphery face 21a of the outer cylinder 21, and the
thermosetting adhesive 1s dried. The thermosetting adhesive
1s cured 1n the curing step after the press-fitting step, so that
the elastic parts 22 and 23 can be bonded with and fastened
to the mner cylinder 20 and the outer cylinder 21, reducing
the rnisk of the thermosetting adhesive attaching to the
manufacturing j1g of the vibration 1solation apparatus 1.

Embodiment 2

FIGS. 7 and 8 show Embodiment 2 of the present dis-
closure, illustrating a change in the configuration of the
assembly j1g 3. In FIGS. 7 and 8, like reference characters
as 1llustrated 1n FIGS. 1 to 6 designate identical or corre-
sponding components, and the detailed explanation thereof
will be omitted.

As 1llustrated 1n FIG. 7, Embodiment 2 1s diflerent {from
Embodiment 1 as follows: No receiving jig 31 1s used. The
pressing j1g 34 1s provided in a manner that the recess 34a
of the pressing j1g 34 1s opened upward. The recess 34a
receives the iner cylinder 20. The grooves 345 of the
receiving ji1g 34 receive a corresponding one of the elastic
parts 22 and 23. Note that, 1n FIG. 7, the pressing jig 34 1s
positioned at the bottom end of the range of motion thereof.

The support j1g 32 1s provided above the pressing j1g 34.
The narrowing j1g 33 1s provided below the support j1g 32.
When the pressing jig 34 1s at the bottom of the range of
motion, the narrowing jig 33 1s provided above the pressing
11g 34. On a top face of the support j1g 32, a plug 35 1s
removably provided. The plug 35 1s used to keep the outer
cylinder 21 from slipping out of an upper portion of the
support j1g 32 when the outer cylinder 21 1s received in the
receiving portion 32d. The other features and advantages are
the same as those of the Embodiment 1.

In this embodiment, the pressing j1g 34 provided with the
iner cylinder 20 and the elastic parts 22 and 23 1s moved
upward so that the imner cylinder 20 and the elastic parts 22
and 23 are moved inside the narrowing jig 33. Then, the
narrowing jig 33 1s pressed inward by a narrowing-jig-
positional-change apparatus along the diameter. When the
narrowing 11g 33 1s pressed, the spaces between the neigh-
boring j1g pieces 33a 1n the narrowing jig 33 narrow. Then,
the opened support j1g 32 i1s closed. This 1s how the com-
pressing step 1s carried out.

When the pressing j1g 34 1s moved upward, the elastic
parts 22 and 23 are kept compressed in the compressing step,
and the mnner cylinder 20 and the elastic parts 22 and 23
integrated 1nto one piece are pressed and moved upward (see
the straight arrow 1n FIG. 8). This 1s how the press-fitting
step 1s carried out.

In such a manner, the vibration 1solation apparatus 1 1s
assembled with the assembly jig 3.

After that, the plug 35 1s removed, and the assembled
vibration 1solation apparatus 1 1s taken from the assembly jig
3.

Other steps than the above are the same as those 1n
Embodiment 1.
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According to this embodiment, the receiving jig 31 1s not
required, simplitying the configuration of the assembly j1g 3.

Other Embodiments

In the above embodiments, the inner cylinder 20 1s used
as an mner member. Alternatively, a solid shaft may be used
as the inner member.

In the above embodiments, the elastic parts 22 and 23
have a sectoral cross-section. Alternatively, for example, the
clastic parts 22 and 23 may have a substantially quadran-
gular cross-section.

In the above embodiments, the second elastic parts 23 are
the same 1n shape as the first elastic parts 22. Alternatively,
the second elastic parts 23 may be different in shape from the
first elastic parts 22.

In the above embodiments, the elastic parts 22 and 23 are
made of a rubber material. Alternatively, the elastic parts 22
and 23 may be made of such materials as urethane, thermo-
plastic elastomer, and a viscoelastic material.

In the above embodiments, the first elastic parts 22 are
different 1n contained rubber maternial from the second
clastic parts 23. Alternatively, the first elastic parts 22 and
the second elastic parts 23 may be made of the same rubber
material.

In the above embodiments, the first elastic parts 22 are
different 1n characteristics such as hardness from the second
clastic parts 23. Alternatively, the first elastic parts 22 and
the second elastic parts 23 may be the same 1n characteris-
tics.

In the above embodiments, the elastic parts 22 and 23 are
vulcanized and molded in the molding step. Alternatively,
the elastic parts 22 and 23 may be produced 1n such a manner
that a vulcanized block or stick 1s cut by such techniques as
laser cutting and water-jet cutting.

In the above embodiments, the inner cylinder 20 and the
clastic parts 22 and 23 are moved to be press-fit into the
outer cylinder 21 1n the press-fitting step. Alternatively, the
outer cylinder 21 may be moved so that the inner cylinder 20
and the elastic parts 22 and 23 are press-fit into the outer
cylinder 21.

In the applying step betore the press-fitting step of the
above embodiments, the thermosetting adhesive 1s applied
to the outer periphery face 20a of the inner cylinder 20 and
the mner periphery face 21a of the outer cylinder 21, and the
thermosetting adhesive 1s dried. Then, in the curing step
alter the press-fitting step, the thermosetting adhesive 1is
cured so that the elastic parts 22 and 23 are bonded with and
fastened to the inner cylinder 20 and the outer cylinder 21.
Alternatively, the compressing step and the press-fitting step
may be carried out after the elastic parts 22 and 23 have been
bonded with and fastened to the mner cylinder 20.

In the applying step of the above embodiments, the
thermosetting adhesive 1s applied throughout the mner side
faces 22¢, 23¢ and the outer side faces 22d, 23d of the elastic
parts 22, 23. Alternatively, the thermosetting adhesive may
be applied to the positions 1n which the elastic parts 22 and
23 are provided to the outer periphery face 20a of the 1inner
cylinder 20 and the inner periphery face 21a of the outer
cylinder 21. The thermosetting adhesive may also be applied
to both of the positions; namely, both (1) throughout the
imnner side faces 22¢, 23¢ and the outer side faces 224 and
23d, and (11) the positions of the elastic parts 22 and 23 on
the outer periphery face 20a and the inner periphery face
21a.

In the fastening step of the above embodiments, the elastic
parts 22 and 23 are bonded with and fastened to the inner
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cylinder 20 and the outer cylinder 21. Alternatively, only the
inner cylinder 20 and the elastic parts 22 and 23 may be
bonded with and fastened to each other, the outer cylinder 21
and the elastic parts 22 and 23 may be leit unbonded, and the
axially opposite ends of the outer cylinder 21 may be
reduced in diameter, bent, bent with a curved portion, and

chamiered and bent so that the positions of the elastic parts
22 and 23 are limited. Thus, the elastic parts 22 and 23 may
be fastened together with the inner cylinder 20 and the outer
cylinder 21.

In the fastening step of the above embodiments, the elastic
parts 22 and 23 are bonded with and fastened to the inner
cylinder 20 and the outer cylinder 21. Alternatively, the inner
cylinder 20 and the outer cylinder 21 are left unbonded with
the elastic parts 22 and 23, and the outer periphery face 20a
of the inner cylinder 20 or the inner periphery face 21a of the
outer cylinder 21 1s provided with a positioning portion,
such as a protrusion or a recess, for positioning the elastic
parts 22 and 23. This positioning portion may fasten the
clastic parts 22 and 23 to the inner cylinder 20 and the outer
cylinder 21.

In the above embodiments, the press-fitting aid 1s applied
to the outer side faces 224 and 234 of the elastic parts 22 and
23. Alternatively, the press-fitting aid does not have to be
applied.

In the above embodiments, the outer cylinder narrowing
step 15 carried out. Alternatively, the outer cylinder narrow-
ing step does not have to be carried out.

The present disclosure 1s useful for, for example, manu-
facturing a vibration isolation apparatus.

What 1s claimed 1s:

1. A method for manufacturing a wvibration 1solation
apparatus the vibration isolation apparatus including: an
inner member shaped nto a cylinder or a shait; an outer
cylinder provided around the inner member; and an elastic
body provided between, and connecting, the inner member
and the outer cylinder, the elastic body including elastic
parts each arranged in different positions separated from
cach other 1n a circumierential direction between the 1nner
member and the outer cylinder, the method comprising:

molding the elastic parts separately;

compressing the elastic parts in which the elastic parts are

pressed against the positions such that the elastic parts
are separated from each other in the circumierential
direction and 1n which the elastic parts are provided to
the inner member so that the elastic parts are com-
pressed to have a size equivalent to a size 1n which the
clastic parts fit between the inner member and the outer
cylinder;

press-fitting the mner member and the elastic parts inte-

grally into the outer cylinder while the elastic parts are
kept compressed; and

fastening the elastic parts to the inner member and the

outer cylinder.

2. The method of claim 1 wherein,

the elastic parts include a first elastic part and a second

clastic part each made of a different material.

3. The method of claim 1, wherein

the fastening further includes:

applying, carried out before the press-fitting, in which an

adhesive 1s applied to at least one of (1) a fastening
surface between the inner member and the elastic parts
or (11) a fastening surface between the outer cylinder
and the elastic parts, and dried; and

curing the adhesive after the press-fitting.
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4. The method of claim 1 wherein, the elastic parts are
positioned with respect to the mner member before press-
fitting the inner member and the elastic parts integrally into
the outer cylinder.
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